. In addition to LTP, several to show that when postsynaptic spikes were paired with forms of use-dependent synaptic weakening, or longsmall bursts of subthreshold excitatory postsynaptic poterm depression (LTD), have also been described (retentials (EPSPs), LTP of subsequent single EPSPs was viewed by Linden and Connor, 1995) . At some synapses, produced. This phenomenon was associative in that LTP and LTD have been shown to reverse each other, neither the EPSP bursts nor the postsynaptic spiking thus creating use-dependent bidirectional modification, alone was sufficient to induce LTP. A parametric study a computationally useful property.
revealed that when the onset of the EPSP either preWhereas the general principle of Hebb's postulate was ceded or followed the onset of the spike with an interval borne out by studies of LTP, one particular aspect was of Ն100 ms, no alteration in synaptic strength was pronot. Although there is an absolute requirement for postduced. When the interval was reduced to 10 ms, LTP synaptic activation in LTP induction, it is not necessary was induced when the EPSP preceded the spike, and that this activation take the form of spiking. Brief high-LTD was induced when this order was reversed (see frequency (100 Hz) stimulation that does not evoke post- Figure 1 ). Concurrently, this same basic finding was synaptic spiking is sufficient to induce LTP (Douglas et made using recordings of hippocampal Schaffer collatal., 1982; Lee, 1983) , as is high-frequency stimulation eral-CA1 synapses by Magee and Johnston (1997) , who together with postsynaptic application of a drug to inalso showed that LTP induced in this manner could be blocked by bath application of NMDA receptor antagonists. Magee and Johnston (1997) also demonstrated that LTP induction could be blocked by local application receptor and subsequent Ca 2ϩ entry, arrival of the backpropagating spike during the EPSP functions to depolarof tetrodotoxin (TTX) only to that region of dendrite interposed between the soma and the activated synapses.
ize the postsynaptic membrane strongly and thereby facilitate Ca 2ϩ flux mediated by the NMDA receptor. In Thus, somatic spikes that fail to propagate to the site of activated synapses cannot contribute to LTP induccontrast, when the spike precedes the EPSP, the EPSP coincides with the afterhyperpolarization, which may tion in this system. These initial findings have since been confirmed and dampen NMDA receptor-mediated Ca 2ϩ influx. However, the role of the afterhyperpolarization in this proextended using several different preparations, including hippocampal CA3-CA3 cell pairs in cultured slices (Decess has not been systematically studied. transmitters are released such that they diffuse broadly, Magee et al., 1998). Neurons such as the cerebellar they have the potential to alter plasticity thresholds for Purkinje cell that almost completely lack dendritic voltthe entire cell, whereas local release could produce a age-gated Na ϩ channels have only very poor, passive corresponding local threshold alteration. propagation of axosomatic spikes into the dendritic Fourth, the level, timing, and spatial pattern of inhibiarbor, while neurons that have high dendritic Na ϩ chantory synaptic inputs received by the somatodendritic nel densities (and/or broad somatic Na ϩ spikes) such regions of postsynaptic neurons will profoundly attenuas substantia nigra dopamine neurons backpropagate ate backpropagating spikes through local hyperpolarvery efficiently. Most neurons fall somewhere between ization and shunting, as has been shown using dendritic these extremes, with somatic spikes attenuated 30%-recording and simultaneous Ca 2ϩ imaging in hippocam-40% at a distance of 400 m into the dendrite. Several pal CA1 pyramidal cells (Tsubokawa and Ross, 1996). other factors also influence the extent of spike backIn many brain regions, activation of excitatory axons will propagation. When a burst of sustained, high-frequency also recruit disynaptic inhibitory inputs that temporally somatic spiking is induced, the later spikes in the burst overlap with the generation of postsynaptic spikes. 
